Hepatic lipidosis is a metabolic disorder that occurs frequently in dairy cattle. Its clinical evaluation on dairy farms is complex, as it is based on physical, chemical and biological tests. The present study evaluates the practical use of hepatic cytology in dairy cattle and suggests that overall health and dairy production rates of animals are not compromised with this procedure. Cell and blood samples were obtained from 25 randomly selected multiparous Holstein dairy cows at three different times during the transition period (at calving and at 10 and 21 days postpartum). The values of haematocrit, plasma protein, fibrinogen, and total and differential leucocyte counts were determined, together with total protein, albumin, glutamate dehydrogenase, triacylglycerides, cholesterol and ß-hydroxybutyrate. Cytological results were classified by the detected degree of fatty infiltration, and haematological and metabolic results were compared between each sampled period. The health status and the daily milk production at each sampling stage were recorded. Obtained results indicated that the animals did not show significant clinical inflammation or a decrease in dairy production, which could be deemed secondary to the cytological sampling. This technique is thus regarded as a feasible alternative for the diagnosis of hepatic lipidosis in dairy cattle.
Introduction
Dairy cows present an energy imbalance between the first and fourth week after calving. 1 When their diet does not fulfil the requirements for milk production, nutritional insufficiency forces the animal to activate the mobilization of fatty acids from the fatty tissue reserve to the liver, for their metabolism as an energy source. 1 Hepatic lipidosis (LH), or fatty liver, is the accumulation of triacylglycerides (TAG) in liver tissue due to the excessive flow of fatty acids (FA) and their excessive oxidizing and retention in the liver as TAG. 2, 3 This disease brings out problems in the general condition of the animal: loss in production and fertility, an increase in peripartum disorders, and an early slaughter of the animal. [4] [5] [6] [7] This disorder may present itself in 60 % of Friesian cows and in 33 % of Guernsey cows, either to a moderate or a severe degree. 8 It has been detected that 45.9 % exhibit LH to a mild degree, 39.9% to a moderate degree and 14.2 % to a severe degree. 9 Clinical evaluation of the liver in dairy cattle is complex because other organs may be altered in the process, exhibiting a variety of symptoms of a multifactorial nature. 10 In farm conditions, the diagnosis is based mostly on anamnesis, signs and response to treatment. 11 At the same time, it is possible to determine FA (two to seven days prior to calving) and ß-hydroxybutyrate (BHB) levels in the first two to three weeks after calving. 12, 13 Additionally, it is possible to assess hepatocellular integrity through elements such as glutamate dehydrogenase (GDH) and ornithine carbamoyl transferase (OCP). 11 Bilirubin, albumin, cholesterol and TAG are indicators of liver function. 12 Establishing these parameters is very useful upon identifying the process or disease present in the liver; nonetheless, they are insufficient to render a definite diagnosis and degree of the disease, and it is necessary to use other supplementary means like a liver biopsy. 14 Currently, histology is the most widespread and trustworthy technique for the diagnosis of liver lipidosis in dairy cattle, 5, 15 and the use of aqueous copper sulfate solutions at different densities makes it possible to determine the degree of accumulation of lipids according to the flotation of liver tissue. 16 Nonetheless, both tests are based on the usage of a liver biopsy, which is invasive and requires surgical procedures that are difficult to carry out in regular clinical practice.
In small species, liver cytology is a feasible alternative diagnostic tool that is minimally invasive, with low risk for health and low cost, and which offers accurate and definite diagnostic results. 14 The present study encompassed a clinical and metabolic follow-up process to test the effectiveness of liver cytology in dairy cattle as a feasible diagnostic tool in farm conditions, giving certainty that this procedure would not adversely affect either the health or the milk production of the dairy herd.
Methods
In a herd of approximately 5,000 Holstein dairy cattle, located nearby the city of Gómez Palacio, Durango, Mexico, with a mean milk production of 45 kg/cow, 25 multiparous cows were selected randomly from the herd, at the moment of calving. Cytological and blood samples were obtained at three different times after parturition (at the moment of calving and at 10 and 21 days after giving birth); and health status and milk production were obtained from the farm's daily records. This study was approved by the committee of animal welfare of Facultad de Medicina Veterinaria y Zootecnia at Universidad Nacional Autónoma de México (PAPIIT 216409-3 DGAPA, UNAM 2009), based on the mexican standards NOM-062-ZOO-1999 and NOM-032-Z00-1999.
Blood samples were taken from the coccygeal vein using 10 mL vacuum plane tubes with and ethylenediaminetetraacetic acid (EDTA) anticoagulant. To determine the general health condition of the animals during the cytological sampling, haematocrit, total solids (plasma proteins), fibrinogen, and total and differential leucocyte counts, were determined within 4 hours after sampling, in refrigerated-preserved tubes. Tubes were spun within 30 to 60 minutes after sampling; serum was separated and frozen until analysed in the Clinical Pathology Laboratory of the Faculty of Veterinary Medicine and Zootechnics, UNAM. Biochemical analytes included glutamate dehydrogenase (GDH), triacylglycerides (TAG), cholesterol and ß-hydroxybutyrate (BHB), total protein (TP) and albumin (ALB), and were measured using a Junior semiautomatic spectrophotometer (Vital Scientific®, Model: #6-9151 software 1.0, Netherlands); and RANDOX® reagents according to the manufacturer's instructions.
Cytology samples were taken through the right, eleventh intercostal space above the intermediate third of the rib at the same time that blood samples were taken and following recommendations issued by Bohn et al. 17 The area was first sanitized with clean water, then a spray application of ethyl chloride was used as a local anaesthetic (Traumazol®) was given. A metallic 16 G × 25 mm hypodermic needle was introduced as a guide to pass through skin and muscles to enter the abdominal cavity. Then, a 22 G × 150 mm epidural needle was introduced through the first guide needle. It was directed slightly towards the cranium-medial area to reach the liver. Aspiration was done using 10 or 20 mL syringes, moving the needle slightly back and forth inside the liver without altering the direction (Figure 1 ). Prior to withdrawing the epidural needles, the embolus, or plug of the needle, was allowed to clean up the vacuum free of pressure, and its extraction was done softly. Once the syringe was removed, the needle was disconnected; the syringe was then loaded with air and once again the needle was connected to empty the material collected. This was then placed on a microscope slide, and the corresponding cells spread was done. The slide was then immediately dried by shaking. Aqueous Romanowsky staining was used afterwards. Cytological evaluation was done as per Table 1 , obtained from a previous study for standardization and evaluation of liver cells in dairy cattle livers. 28 Blood results were classified according to the corresponding degree of fatty infiltration observed in the cytological assessment. Only cows with adequate cytological retrieval of material for evaluation were included in the final analysis.
In most animals, enough cell material was obtained to make a cytological evaluation. Sampling was conducted without restraining other than headlocks and local spray analgesic to secure unaltered results. In most animals, no cytological disorders were detected ( Figure 2 ). Some animals exhibited microvesicular steatosis ( Figure 3 ), but several cows were found with fatty infiltrations of mild to moderate degrees ( Figures 4 and 5) . Metabolism of lipids in cow livers after calving is very active, and this does not necessarily trigger a pathological process because the liver. Together, the liver, the adipose tissue and the mammary gland, are the main sites of metabolism of FA in dairy cattle. 3, 18, 19, 20 
Data analysis
Throughout the study, the milk production of the sampled cows was compared to that of 25 other randomly selected cows of the same herd, under the same conditions, that did not undergo hepatic cytology evaluations. The haemogram and the metabolic biochemical profile were compared using U Mann-Whitney and Kruskal-Wallis tests as not parametric statistics between each sampling period to determine the health conditions and possible metabolic disorders present in those cows.
Results and discussion Haematology
The number of circulating leucocytes in cows was similar during the three sampled periods (c 2 = 3.57, p = 0.168), and lymphocytosis was detected in most cows, except for those with mild lipidosis at 10 and 21 days after calving. It has been established that dairy cattle exhibiting fatty liver in a subclinical manner show ele- vated lymphocytes. 21, 22 Increases in lymphocyte counts in some cases were highly suggestive of bovine leucosis virus (BLV) infection; however, no clinical signs of this disease were noticed. Investigation about the BLV status of the farm was beyond the scope of this study and was not further investigated.
At calving
Cattle are characterized by having poor granulocyte reserves, which causes a decrease in circulating neutrophils in the case of an initial inflammatory response. Once the granulocyte response is accelerated, neutrophils increase in the blood flow, and it is possible to observe a left shift (i.e., circulating band neutrophils). 23 In accordance with these results, the haemogram revealed a mild neutrophilia in cows without abnormalities and microvesicular steatosis. In early postpartum cows, this change was related to a physiological neutrophilia commonly observed in parturient mammals. Therefore, the clinical diagnosis might be associated with a mild inflammatory process by a left shift that did not affect the overall clinical performance, health records and milk production ( Table 2) .
Two animals were found with haemolactia, which could have a negligible influence on the values of haematocrit. On the other hand, one of the animals exhibited signs of hypocalcaemia, which could interfere only in the release of neutrophils by endogenous steroids. The mean colostrum production of the 25 cows in the study at calving was 1.8 ± 2.8 kg/day.
days after calving
In cows without fatty infiltration, but with microvesicular steatosis and moderate lipidosis, mature neutrophilia was detected (Table 3) . However, according to the clinical monitoring, this did not represent a significant difference (z = -1.86, p = 0.06) from the number of neutrophils at calving or 21 days after calving (z = -1.07, p = 0.20). Also, there was a slight increase in the number of mono- According to some authors, monocytes may increase if the animal is recovering from an inflammatory process. 24 However, according to our observations, the mean value of monocytes in the three sampling periods remained unchanged (c 2 = 1.96, p = 0.375) and within reference limits for most cows (0-0.8 × 10 9 /L). Between calving and the 10 days afterwards, four animals were identified with episodes of endometritis, and one with pneumonia. The day when cell and blood samplings were conducted, only two animals were found exhibiting endometritis and mastitis. This could alter the values of mature neutrophils and monocytes after recovery from inflammation. The dairy production mean was 34.9 ± 14.0 kg/day; 4.9 kg over the expect value as minimum for this farm.
In cows with mild and moderate lipidosis, neutrophils were within the reference limits and did not present any other significant alterations ( Table 4 ). The neutrophil mean value at this stage was significantly different (z = -2.62, p = 0.009) compared to that at the time of calving. Neutrophilia detected at calving and 10 days after calving may be related to the endogenous steroid effect due to parturition. 21 Moreover, no increase in fibrinogen was detected during the three sampling periods (c 2 = 1.20, p = 0.550).
Hyperfibrinogenaemia may be a better indicator of severe inflammation than the count of neutrophils present in the blood. 23 Cows with fatty liver exhibit a significant decrease of neutrophils, lymphocytes and eosinophils. 21 Therefore, all values obtained through the haemogram rule out the presence of hepatic lipidosis, and an inflammation process that might be of clinical significance. There were no signs of significant clinical abnormalities in any of the 25 sampled animals 21 days after calving. Just a single cow was detected with subclinical mastitis with appropriate 
Results 21 days after calving

Blood biochemistry
According to the metabolic profiles, some cows were identified with a slight increase in the hepatospecific enzyme GDH in cows with mild and moderate lipidosis. GDH indicates liver damage with precision, in this case correlating to acute hepatocellular damage due to steatosis. 11, 25 At calving, there was no increase in GDH in any of the cytology categories ( Table 5 ). Ten days after calving, a slight increase was observed in this enzyme in cows without abnormalities and with mild lipidosis (Table 6 ). However, the mean value of GDH at 10 days was significant in cows at calving (z = -2.79, p = 0.005) and not significant 21 days after calving (z = -0.31, p = 0.756). No other significant metabolic changes were detected. Ten days after calving, there was only a slight drop in total proteins (TP) in the cows without fatty infiltration. This represented no statistical significance compared to cows at the moment of calving (z = -1.54, p = 0.125). TP may decrease in cases of liver disease, 10 and their concentration in cows with clinical ketosis and subclinical lipidosis may significantly decrease in comparison to those of cows without steatosis. 26 At 21 days, there was a slight increase in GDH in cows with microvesicular steatosis and with mild lipidosis, and there was only one cow that was detected with a considerable increase in this enzyme ( Table 7) . This matches the cytological observation in cases of moderate infiltration. Nonetheless, there is not statistical significance in the mean value of GDH in cases of cows at the moment of calving (z = 1.86, p = 0.06). It should be mentioned that this same cow showed marked hypoproteinaemia ( Table 3 ) causing a significant difference of TP between the time of calving (z = -3.50, p = 0.00) and 10 days after calving (z = -2.37, p = 0.01). Concentrations of albumin and proteins decrease in cows that have more than 20 % of fat accumulated in the liver 27 because the capacity of the endoplasmic Reference intervals:
Results at calving
. SD. Standard deviation. * The cows from which no cell samples were taken were not considered in this study Table 7 . Mean hematologic values per degree of fatty infiltration, through cytological observation in dairy cattle at 21 days after parturition. reticulum of the hepatocyte is compromised, inasmuch as the damage or the infiltration of fat increases within hepatic tissue. The remaining biochemical results did not show relevant variations indicating that overall, the animals were in proper health conditions, without displaying evidence of pathological lipomobilization. Table 8 summarizes those analytes with significant differences among the respective sampling times. Cytological observations between the three different sampling periods did not show significant differences (c 2 = 8.08, p = 0.018). This might be attributable to the absence of other metabolic diseases despite some of them showing cytologic changes in accordance with hepatic lipidosis to a mild and moderate degree. Markedly infiltrated livers or severely sick cows were not present during the study.
Results 21 days after calving
Comparing the milk production of the sampled cows with that from the cows that did not undergo hepatic cytology evaluations, there were no significant differences between the two groups, in calving (z = -0.64, p = 0.523), at 10 day postpartum (z = -0.20, p = 0.839) and 21 day postpartum (z = -1.34, p = 0.181). 
Conclusion
Hepatic cytology, in productive species, such as dairy cattle, offers practitioners a favourable alternative for diagnosing hepatic lipidosis. The technique did not exhibit risks upon sampling and constituted an adequate diagnostic tool. Results may be obtained in a rapid, precise and reliable manner with a low cost compared to the traditional liver biopsy for histological examination. There was no clinical or laboratory evidence that observed inflammation was attributable to the sampling process. Milk yield comparisons indicated that cytological sampling did not affect milk production of the cows. Therefore, hepatic cytology through aspiration with a thin needle represents a feasible option for the specialized veterinarian, as they may be able to diagnose liver diseases faster than through the currently available tools. Further studies are recommended regarding hepatic cytology using control groups (running the same clinico-pathological tests in cows without cytological sampling) and comparing them to other diagnostic tools for dairy cattle. However, the obtained result give a promissory future in the advance of diagnosing hepatic lipidosis with a minimally-invasive technique.
